Background In 2012, the U.S. Food and Drug Administration proposed nine graphic health warnings (GHWs) on cigarette packaging that were rated equally effective across racial/ethnic, education, or income groups of adult smokers. However, data on GHW effectiveness among sexual and gender minority (SGM) adults, who have higher smoking prevalence, are currently lacking. This study analyzed whether perceived effectiveness of GHWs differed by gender and sexual orientation. Methods Data came from a randomized experiment among 1,200 adults with an oversample from low socioeconomic status groups, conducted between 2013 and 2014 in three Massachusetts communities. Participants viewed and rated the effectiveness of nine GHWs. Mixed effects regression models predicted perceived effectiveness with gender and sexual orientation, adjusting for repeated measurements, GHWs viewed, age, race, ethnicity, smoking status, and health status. Results Female heterosexuals rated GHWs as more effective than male heterosexual, lesbian, and transgender and other gender respondents. There was no significant difference between female and male heterosexuals versus gay, male bisexual, or female bisexual respondents. Differences by gender and sexual orientation were consistent across all nine GHWs. Significant correlates of higher perceived effectiveness included certain GHWs, older age, being African-American (vs white), being Hispanic (vs nonHispanic), having less than high school education (vs associate degree or higher), and being current smokers (vs non-smokers). Conclusions Perceived effectiveness of GHWs was lower in certain SGM groups. We recommend further studies to understand the underlying mechanisms for these findings and investments in research and policy to communicate anti-smoking messages more effectively to SGM populations.
Introduction
In the U.S., sexual and gender minority (SGM) populations (including individuals who identify as gay, lesbian, bisexual, transgender, queer, and individuals who have same-sex relationships and/or attraction) have much higher smoking prevalence (27%) compared with their heterosexual counterparts (17%), based on the 2012-2013 National Adult Tobacco Survey [1] . SGM persons therefore bear a disproportionate burden of smoking-related health consequences even as national smoking prevalence has declined. For instance, gay, lesbian, and bisexual youth are more likely to initiate smoking at earlier ages than heterosexual youth [2] . An analysis of data from the 2003-2010 National Health and Nutrition Examination Surveys (NHANES) found that 36-45% of women aged 20-59 years who are lesbian, bisexual, or homosexually experienced were current cigarette smokers, compared with 22% of heterosexual women [3] . In addition, 56% of lesbian and 48% of homosexually experienced women who were non-smokers were exposed to secondhand smoke, compared with 33% of heterosexual women who were nonsmokers [3] . In a national survey in 2013, Buchting and colleagues reported that compared with cisgender adults transgender adults had between two to five times higher odds of current use of tobacco products including cigarettes (36% vs 21%), cigars (27% vs 9%), and e-cigarettes (21% vs 5%) [4] .
Several factors are implicated as reasons for the higher prevalence of smoking and smoking-related health problems among SGM populations. Some researchers have pointed to increased likelihood of victimization, violence, and perceived or actual stigma as the underlying factors that increase smoking in this population [5] [6] [7] [8] . Others have reported that mental health issues, depression, alcohol and substance use, and lack of social support among SGM individuals could be risk factors of smoking [6, 9] . The role of the bar culture in SGM populations has also been implicated as a reason influencing permissive attitudes and norms to smoke in this population [10, 11] . In addition, the tobacco industry's increased targeted marketing to SGM populations in recent decades is well documented [12] [13] [14] [15] . This has led to greater exposure to marketing messages [16] and increased receptivity to industry messages among SGM persons [17] .
The U.S. national smoking prevalence has declined steadily since the 1960s, from a peak of 42% in 1965 to 15% in 2015 [18] . This trend is largely due to smoke-free laws, taxation of cigarettes, restriction of youth access, provision of cessation treatments, and mass media antismoking campaigns [19] . Despite decades of general population-level interventions, there are persistent disparities in smoking prevalence and burden from smoking across social groups, including among SGM. Evidence suggests that increases in tobacco prices help narrow socioeconomic disparities in tobacco use [20, 21] . There is mixed or no evidence that smoke-free laws, media campaigns, advertising bans, health warnings, or multifaceted community interventions impact socioeconomic gradients in tobacco use [20, 22] . In addition, there is consistent evidence that smoking cessation support widens socioeconomic disparities in tobacco use [20] . Based on a systematic review by Lee and colleagues, there is currently insufficient research on the impact of community, policy, and media interventions on tobacco disparities among SGM [23] . The authors recommended research to identify whether tailored community interventions improve cessation outcomes and to examine the best strategies for targeted messaging in
LGBT media interventions. These recommendations are echoed in a recent position statement by Matthews and colleagues, representing the Society of Behavioral Medicine, to include ''specific messaging for gender and sexual minorities in all media campaigns aimed at increasing education and outreach regarding tobacco prevention and smoking cessation treatment services'' [24] . It is therefore important to evaluate whether current and forthcoming tobacco control interventions and policies are effective in addressing tobacco disparities among SGM populations.
Under the 2009 Family Smoking Prevention and Tobacco Control Act, the U.S. FDA announced in 2011 that graphic health warnings (GHWs) would be required on cigarette packaging beginning in 2012. GHWs were intended to cover 50% of cigarette packaging with pictures and words to communicate the health risks of smoking. In 2016, GHWs have been successfully implemented in 105 countries and are effective in encouraging smoking cessation among smokers [25] [26] [27] [28] . The U.S. FDA selected nine GHWs as part of the first round of warning labels in 2012. However, the status of implementing GHWs on cigarette packaging is currently uncertain following the ruling by the U.S. Court of Appeals for the DC Circuit in the 2012 case, R.J. Reynolds Tobacco Co. v. Food and Drug Administration, that the GHWs requirement was unconstitutional. This court ruling did not invalidate FDA's mandate to develop GHW rules. The FDA decided not to appeal the decision at the Supreme Court and stated in 2013 that it planned to reissue new GHW rules [29] .
Previous studies found that FDA-proposed GHWs were rated equally effective across racial/ethnic, education, or income groups of adult smokers [30, 31] . A systematic review concluded that there was no evidence that health warnings impacted socioeconomic inequalities in smoking [20] . In one randomized clinical trial, smokers who were randomly assigned to receive four of the nine FDA-proposed GHWs on their cigarette packs over 4 weeks (vs those who received text-only warnings) were more likely to make a quit attempt lasting at least 1 day (40% vs. 34%, respectively). By the end of the study period, those who received GHWs were also more likely to report quitting for at least 7 days than those who received text-only warnings (6% vs. 4%). These GHW effects were equally effective across demographic groups, including among gay, lesbian, and bisexual smokers versus heterosexual smokers [28] . However, the full set of nine GHWs has not yet been evaluated for their effectiveness to discourage smoking among SGM populations. In addition, gay, lesbian, and bisexual smokers were grouped within a single category, which did not permit analysis of differences between each of these sexual minority groups versus heterosexual adults.
In this paper, we analyzed data from Project CLEAR, conducted in 2013-2014 to study the potential impact of the GHWs among a diverse sample of adults with an oversampling of those from lower socioeconomic status (SES) groups. We compared perceived effectiveness of the nine proposed GHWs between SGM and heterosexual persons. We focused on perceived effectiveness because these measures are frequently employed in formative research for health messaging and have been shown to positively correlate with actual effectiveness in a variety of contexts, including anti-smoking messages [32, 33] . This analysis may identify potential gaps in the effectiveness of anti-smoking messages through GHWs to reduce tobacco health disparities among priority populations.
Theoretical framework
The analysis is informed by the concept of communication inequalities within the Structural Influence Model of Communication (SIMC), which hypothesizes that inequalities in health communication have important roles in mediating relationships between social determinants (e.g., gender, sexual orientation, race, education, income), access to health care resources, and more distal health outcomes (e.g., health behaviors, adherence, treatment outcomes) [34] [35] [36] . Communication inequalities can occur between social groups in their exposure and attention to health information, external information seeking about health concerns, and processing of health information. Inequalities in these communication outcomes can, in turn, contribute to widened gaps in health knowledge, beliefs, and behaviors between social groups.
Directly relevant to the present study are differences in individuals' information processing of GHWs and comparisons between SGM and heterosexual populations. Targeted strategies are common in marketing and public health counter-marketing [37] . A number of theoretical approaches predict that minorities would be expected to seek out and evaluate more favorably materials that resonate with salient identities, thus increasing the likelihood of persuasive impact [38] . The tobacco industry has targeted minority communities with ad content tailored to particular demographic groups and identities, including SGM. Strategies include use of group-specific media channels and inclusion of models that reflect the demographics of the targeted group [39] [40] [41] . Group cues, such as demographically matched exemplars, have been found to influence selective exposure among some minority groups [42] . However, a survey found that SGM recalled seeing relatively few anti-tobacco messages in SGM-specific media; there were also indications that mainstream antitobacco messages may not resonate with some SGM categories [23, 43] . Graphic warnings, therefore, present a promising avenue for anti-smoking messages for SGM. However, we do not yet know whether SGM persons perceive anti-smoking messages such as those on GHWs to be effective, compared with their heterosexual counterparts. If so, such differences could result in differences in effectiveness of GHWs to activate intentions to quit smoking or to avoid initiation of smoking among SGM populations, thereby perpetuating smoking-related health disparities.
Intersectionality theory further provides a useful framework for understanding communication inequalities and tobacco-related health disparities, based on the complex interactions between multiple sources of discrimination and stigma due to gender and sexual identity [44] . Studies have found tobacco-related differences when considering the combined SGM categories that take both gender and sexual orientation into account [2, 5] . There can also be differences in how lesbians and gay men evaluate ad content [45] . Based on the possibility of differential information processing raised by the SIMC and intersectionality theory, and given the potential for distinct groupbased experiences and identities for those who are female and SGM (e.g., lesbian, bisexual female) and male and SGM (gay, bisexual male), there may be corresponding differences in GHW perceived effectiveness based on gender and sexual orientation of SGM populations. We therefore pose the following research question: Do perceptions of GHW effectiveness vary across SGM populations when compared with heterosexual males and females?
Methods

Study sample and data collection
Data for this analysis were obtained from Project CLEAR, an FDA-funded project focused on studying the impact of FDA-proposed GHWs among diverse populations. Participants were recruited from diverse gender, sexual orientation, racial, ethnic, and socioeconomic backgrounds in three Massachusetts communities (Boston, Lawrence, and Worcester). A purposive sample of 1,200 participants with an oversample from low SES groups was recruited at baseline through partnerships with Massachusetts-based community organizations (Alliance for Community Health in Boston, Common Pathways in Worcester, and The Mayor's Health Task Force (MHTF) in Lawrence), flyers placed in community locations, and through word of mouth. Eligible participants were individuals who were 18-70 years, able to communicate in English or Spanish, and belonged to one of the following populations: Caucasian, African-American, Hispanic, low SES, SGM, or blue-collar workers.
The survey instrument was developed following extensive literature review of validated measures from previous research, focus group discussions among participants of diverse racial/ethnic and sociodemographic backgrounds [46] , and key informant interviews (among local government officials, clinicians from local health centers, and advocacy groups). We further conducted cognitive testing among a separate group of participants to ensure that the survey questionnaire and administration on tablet computers would be appropriate for low literacy participants and made adjustments before fielding the main survey.
From August 2013 to April 2014, we conducted inperson self-administered baseline surveys among 1,200 adults (18-70 years) at community locations such as senior centers, community colleges, trade unions, and housing developments. When participants arrived at the survey site, they were asked to complete a study eligibility form and were given materials to read about the study. Once eligibility was determined and written consent was provided, participants completed the survey on a computer or an electronic tablet. They were first asked questions about their income, education, smoking habits, and beliefs about smoking. Next, they were shown one of the nine warning labels ( Fig. 1) and asked questions about its effectiveness, emotional responses to the label, and if it encouraged them to quit (among smokers) or made them glad they did not smoke (among non-smokers). They then answered questions about the effectiveness of the remaining eight labels. An incentive was provided at the completion of the survey ($50 gift card). The university's institutional review board approved the study.
Measures
Outcome variable: perceived effectiveness
We measured perceived effectiveness of each GHW with a global measure, ''Overall, on a scale of 1-5, where 1 is ''not at all effective'' and 5 is ''very effective,'' how effective would you say this warning label is?'' This item is similar to those used in previous studies that evaluated overall perceived effectiveness of pictorial tobacco health warnings among youth and adults [47] . As described earlier, perceived effectiveness has been demonstrated as a theoretical and empirically meaningful outcome [32, 33] .
Predictor variables: gender and sexual orientation
Gender was measured using a single item, ''What is your gender?'' Response options were male, female, transgender, or other. Participants were asked about their sexual orientation: ''Which of the following best describes you?'' Response options were heterosexual (straight), gay or lesbian, bisexual, or not sure. Based on participants' responses to both questions, we categorized them to one of seven gender and sexual orientation identities: male heterosexual, female heterosexual, gay, lesbian, male bisexual, female bisexual, and transgender or gender nonconforming. We excluded 24 respondents who responded ''not sure'' to the question about their sexual orientation and eight respondents who had missing responses to either question, because we were unable to ascertain if they identified as SGM.
Covariates
We included age, race (White, African-American, or other), Hispanic (vs non-Hispanic), education (below high school, high school/GED, some college, or associate degree or higher), smoking status (non-smoker, former smoker, or current smoker), and self-reported general health status (5-point scale from 1 'Poor' to 5 'Excellent') as covariates.
Data analysis
We analyzed the effectiveness ratings of each GHW by gender and sexual orientation (see Appendix 1). We fitted a mixed effects regression model to analyze the associations between perceived effectiveness and gender and sexual orientation categories. A random effects term was added to account for repeated measurements clustered within individuals because each participant viewed and rated the effectiveness of all nine labels. Although SGM participants comprised a minority of the study sample, the mixed effects regression analysis provided stable point estimates of the coefficients for each SGM category due to the collection of repeated measurements of perceived effectiveness. The model also adjusted for the GHW viewed and covariates (age, race, ethnicity, education, smoking status, and health status) due to potential differences in smoking rates and attitudes toward GHWs across these factors [48, 49] . We tested whether the association between perceived effectiveness and gender and sexual orientation categories differed by the GHW viewed by introducing interaction terms between GHW (1-9) and the gender and sexual orientation categories. However, these interaction terms were not significant as a block and were dropped from the final model. The amount of missing data across all variables was minimal (1.9%), and listwise deletion was utilized for handling missing values in the regression analysis. The final analytic sample was 1,149.
To assist in the interpretation of the mixed effects regression results, we computed the predicted means of perceived effectiveness by SGM category, holding all other variables at their respective means. Analyses were conducted using the 'xtmixed' and 'margins' program in Stata version 13. We presented the analyses using female heterosexuals as the referent group because of prior research indicating larger disparities in tobacco use behaviors between female sexual and gender minorities versus female heterosexuals, compared with the differences between male sexual and gender minorities and male heterosexuals. For instance, data from national surveys indicate that differences in menthol cigarette use prevalence were more prominent among female sexual and gender minorities versus female heterosexuals than the differences between male sexual and gender minorities versus male heterosexuals [50] . Second, there are differences in smoking characteristics between female lesbians and bisexuals compared with female heterosexuals (e.g., nicotine dependence, earlier age of smoking initiation, heavier smoking intensity, and fewer past quit attempts among female sexual minorities), but no evidence of significant differences between gay and bisexual men versus heterosexual men [51] . However, results presenting male heterosexuals as the referent group are available upon request.
Results
Sample characteristics
Approximately 12% of the sample identified as one of the SGM groups (individual SGM categories ranged from 1.3 to 3.9% of the sample), 45.3% were male heterosexuals, and 42.6% were female heterosexuals. Mean age of the sample was 33.1 years (ranged from 18 to 70 years), 41% were White, 38% were African-American, 22% were other race, 38% were of Hispanic origin, and 16% completed college education or higher. Other characteristics of the sample are summarized in Table 1 . Characteristics of the study participants by gender and sexual orientation are further detailed in Appendix 2.
Perceived effectiveness of each graphic health warning Figure 2 shows the unadjusted mean perceived effectiveness of each GHW across the analytic sample. Most of the GHWs were rated as moderately or highly effective (means between 4 and 5 on the perceived effectiveness scale). Two of the GHWs ('crying woman' and 'I quit man') were rated less effective on the scale (means were 3.57 and 3.29, respectively). Multiple regression analyses predicting perceived effectiveness of GHWs Table 2 shows the mixed effects regression analysis predicting perceived effectiveness of the proposed GHWs. Male heterosexuals, lesbians, and transgender or gender non-conforming persons had lower ratings of perceived effectiveness of GHWs compared with female heterosexuals. Gay men, male bisexuals, and female bisexuals did not express significantly different perceived effectiveness compared with female heterosexuals. Perceived effectiveness among the other SGM groups did not differ significantly from male heterosexuals (results are available upon request). There were differences in perceived effectiveness across GHWs tested in this study, such that three GHWs ('baby and smoke,' 'crying woman,' and 'I quit man') were rated as less effective than the referent ad ('hole in the throat'). Two GHWs ('lungs' and 'teeth') were rated as more effective than the referent ad. Other significant predictors were older age, being African-American (vs White), being Hispanic (vs non-Hispanic), having lower than high school education (vs associate degree or higher), and being a current smoker (vs non-smoker). Figure 3 shows the predicted perceived effectiveness of each GHW by gender and sexual orientation category based on the mixed effects regression coefficients, holding all other variables constant at their respective mean values. Across the nine GHWs, the predicted marginal mean differences were more substantial comparing female heterosexuals with lesbians and with individuals who were transgender or gender non-conforming. Across all gender and sexual orientation categories, the 'crying woman' and 'I quit man' GHWs were rated the lowest in perceived effectiveness.
Discussion
Based on this study among a diverse sample of participants, we found that respondents who identified as either lesbian or transgender or gender non-conforming perceived GHWs to be less effective, compared with female heterosexuals. Notably, female heterosexuals indicated the highest level of perceived effectiveness across all the FDA-proposed GHWs. Transgender or gender non-conforming individuals indicated the lowest levels of perceived effectiveness. There were significant differences in perceived effectiveness between female heterosexuals and certain SGM populations (lesbians and transgender or gender nonconforming). To our knowledge, this is the first study to report differences in the way that SGM persons perceive anti-smoking information from cigarette packaging GHWs compared with heterosexuals. We discuss potential explanations of these findings as well as implications for policy and future research.
The finding that lesbian and transgender or gender nonconforming persons evaluated anti-tobacco GHWs as less effective is concerning from the perspective of tobaccorelated health disparities. Such differences in message processing could result in lower effectiveness of GHWs and therefore hinder efforts to encourage smoking cessation in these priority populations. Given that lesbian and transgender or gender non-conforming persons already experience higher smoking prevalence and exposure to secondhand smoke compared to national averages, reduced effectiveness of GHWs in these populations could potentially lead to widened smoking-related health disparities [1, 3, 4] . Further research will be needed to examine whether the differential perceived effectiveness of GHWs among these groups is associated with poorer smokingrelated outcomes, if and when GHWs are eventually implemented in the U.S. Additional research is also needed to determine ways to minimize inequalities in information processing of anti-smoking messages between lesbian and transgender or gender non-conforming persons and heterosexuals.
One possible reason that could explain why lesbian and transgender or gender non-conforming persons were less likely to find the FDA-proposed GHWs to be effective compared with heterosexuals is that GHWs may not tap into specific beliefs and attitudes about smoking cessation that are salient for these individuals. For instance, Burkhalter and colleagues [52] reported that SGM persons tend to be motivated by the idea that they would feel more like the person they want to be if they quit smoking (i.e., achieving an ideal self-image). In addition, gender role socialization and masculinity norms encourage men to engage in high-risk behaviors including smoking [53] . To the extent that lesbians may be less likely to conform to gender roles, it may be that their behavior and reactions surrounding tobacco use are more masculine (i.e., more like male heterosexuals and less like female heterosexuals) or are seen as a way to express masculinity. However, more research is needed to understand what is driving the differences between heterosexual women and lesbians, and whether the desire to appear more masculine and/or perceived group norms play a role in lowering perceived effectiveness ratings. More research is also needed to examine the reasons for differences between heterosexual women and transgender or gender non-conforming persons.
Other researchers have compared the effectiveness of GHWs among racial/ethnic minorities (vs non-Hispanic Whites) or those who are from lower literacy populations (vs higher literacy), who also suffer disproportionately from the burden of smoking-related health consequences. In contrast to our findings with SGM populations, researchers have found that GHWs were equally effective among racial/ethnic minorities and lower literacy populations [30, 54] . We may observe communication inequalities by gender and sexual orientation and not by race/ ethnicity or literacy because there may have been more efforts to conduct formative research and pilot testing of GHWs with racial/ethnic minorities and those from lower socioeconomic position [30, 31, 55] . In comparison, to our knowledge, formative research to inform the design of GHWs from the perspectives of SGM populations may be lacking.
Our study findings suggest important implications for policy and communication interventions to address higher prevalence of smoking and smoking-related health problems among SGM populations. First, there is a need to ensure that future public health anti-smoking messagesGHWs, mass media health campaigns, or other forms of communication interventions-are adequately pretested among SGM populations. This will allow tobacco control advocates and practitioners to identify gaps in the effectiveness of anti-smoking messages among SGM populations. It will also increase our understanding of important motivators for avoiding smoking that are unique to SGM persons. Second, differential effectiveness of GHWs by gender and sexual orientation indicates the need to consider targeted media and messaging interventions for certain SGM populations, beyond using GHWs. For instance, one innovative intervention approach utilized social branding to associate a smoke-free lifestyle with values held by specific young adult peer crowds, including SGM young adults who frequent bars and clubs. This social branding approach has been replicated in three cities (Oklahoma City, San Diego, and Las Vegas) and showed promising trends of reducing daily smoking among young adult peer crowds [56] [57] [58] . Presently, there is insufficient evidence on the effectiveness of community, policy, and media interventions for SGM populations to conclude if cultural tailoring would be more effective [23] . Further research is needed to assess whether tailored interventions would improve cessation outcomes among SGM persons and to identify the best strategies for targeted messaging among different SGM populations [24] .
Strengths and limitations
This study is strengthened by the recruitment of a diverse sample based on race and ethnicity, socioeconomic position (education and employment), and gender and sexual orientation that is uncommon in previous research evaluating the message effectiveness of GHWs. We utilized comprehensive mixed-methods and community-based approaches to ensure that the study design and instruments were culturally appropriate for the study population. Our collaborations with partners within the communities of the study populations further enhance our ability to disseminate research findings to our community partners to inform local interventions. The study design enabled repeated measures of perceived effectiveness across all nine GHWs for all participants. This permitted more robust analyses of differences in overall perceived effectiveness between SGM and heterosexual respondents despite relatively small numbers of several SGM groups.
This study was limited by the inability to generalize the findings beyond the study sample recruited from three cities in Massachusetts. Additional research among SGM persons in other geographic locations is necessary. There were small numbers for some SGM categories (e.g., 15 participants who identified as transgender or gender nonconforming persons). In future research focusing on SGM communication inequalities, additional efforts to ensure higher participation among all SGM persons are needed. Due to survey length limitations, we were not able to assess the underlying mechanisms of certain SGM groups' reduced perceived effectiveness of GHWs. Qualitative indepth interviews or focus group discussions among SGM persons may help increase our understanding. Although a recent study described racial differences in smoking rates among SGM individuals [59] , our study sample did not permit exploring intersectionality based on race, gender, and sexual orientation and differences in perceived effectiveness across different groups. Future research could consider replicating this work with an oversample of SGM individuals from racial minority groups and applying the social resistance framework described by Factor and colleagues for explaining health disparities among racial minorities [60] . We analyzed perceived effectiveness and not actual effectiveness of GHWs (e.g., intentions to quit or quitting behavior); however, in an earlier study, Bigsby and colleagues [33] reported evidence supporting the predictive validity of perceived effectiveness of anti-tobacco messages on smokers' intention to quit, and a meta-analysis by Dillard and colleagues found a positive correlation between perceived and actual effectiveness in a variety of health contexts [32] .
Conclusion
In sum, our results suggest that certain SGM groups found the GHWs proposed by the FDA to be less effective, compared with heterosexuals. In subsequent iterations of GHWs, we recommend efforts to pretest proposed GHWs among sexual and gender minority individuals. The differences in perceived effectiveness among lesbian and transgender or gender non-conforming persons when compared with their heterosexual counterparts suggest a need to be sensitive not only to sexual orientation, but also to gender as it intersects with sexual orientation. Lesbian and transgender or gender non-conforming persons would be especially important populations to consider during pretesting, given the relatively high prevalence of tobacco use and lower perceived effectiveness when evaluating the current set of GHWs. Other culturally tailored forms of communicating anti-smoking messages may be necessary to reduce smoking rates among sexual and gender minority populations.
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